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ABSTRACT 

Dielectric carbon films were grown on n- and p-type 
GaAs and InP substrates using plasmas generated at 30 KHz 
from gaseous hydrocarbons. The effect of gas source, flow 
rate, and power on film growth were Investigated. Methane 
and n-butane gases were utilized. The flow rate and power 
ranged from 30 to 50 seem and 25 to 300 W, respectively. 

AES measurements show only carbon to be present In 
the films. The relative Ar Ion sputtering rate (3 KeV) of 
carbon depends on the ratio power/pressure. In addition, 
the degree of asymmetry associated with the carbon- 
semiconductor Interface Is approximately power-independent 
SIMS spectra Indicate different H-C bonding configurations 
to be present In the films. Band gaps as high as 3.05 eV 
are obtained from optical absorption studies. 


Introduction 


Carbon films exhibiting unique properties can be formed on dif- 
ferent substrates by Ion-beam deposition (1), Ion-beam sputtering 
(2, 3, 5, 6) and plasma decomposition of gaseous hydrocarbons (4-7). 

These films are generally hard and semi-transparent. The electrical 
resistivity can be greater than 10 ^ n_cm®. The films may be 
useful as optical coatings. In addition, they may Impact process 
areas In the semiconductor technology, e.g., metal-lnsulator-metal 
(MIM) fabrication (9), and device encapsulation and passivation. 

There Is presently an Increasing need to grow dielectric films 
on III-V semiconductors for metal-lnsulator-semlconductor field-effect 
transistor (MISFET) applications (10). The dielectric must be a high 
quality Insulator, and the deposition process must not Introduce a 
high Interface state density which would degrade the device 
performance. 

In this Investigation, carbon films were grown on GaAs and InP 
substrates by means of plasma chemical vapor deposition (CVD) at 
30 KHz. The Influence of growth conditions on film properties were 
studied by Auger electron spectroscopy (AES), x-ray photoelectron 
spectroscopy ( X PS) , secondary Ion mass spectrometry (SIMS) and 
UV/VIS/NIR spectrophotometry. Breakdown fields were obtained from 


electrical measurements performed on metal-insulator-semiconductor 
(MIS) structures (carbon was used as the Insulator). 


Experimental 

A planar plasma reactor operating at 30 KHz was utilized for the 
carbon depositions. The power was capacltlvely coupled to the upper 
electrode, and the bottom electrode and chamber wall were grounded. 

The chamber pressure was controlled by the Input gas flow rate and 
pumping speed. The gas sources were CH 4 and C^kj- The substrates 
were <100> GaAs and InP crystals grown by the liquid encapsulated 
Czochralskl (LEC) method. Dopant concentrations were ~10 ' 7 cm- 3 ; 
room temperature mobilities were ~2700 cm 2 /(V-sec). After standard 
cleaning (4), the samples were placed on the grounded anode Inside 
the chamber. The background pressure was ~20 mTorr. The deposition 
gas (CH 4 or C 4 H 1 g) was used to flush the system three times prior 
to each run. Amorphous carbon films were produced by subjecting the 
substrates to the ac glow discharge. The power and flow rate settings 
covered the ranges 25 to 300 W and 30 to 90 seem, respectively. The 
Initial substrate temperature was 25 °C, and It Increased a few 
degrees during each deposition. 

In order to study the electrical properties of the MIS struc- 
tures, an ohmic contact was made to the rear surface of a n-type GaAs 
wafer by thermal evaporation of Au-Ge, N1, and Au. Annealing was 
performed In a N 2 ambient at 425 °C for 5 min, followed by thermal 
evaporation of Al onto the carbon film surface. 


Results and Discussions 


Auger depth profiles of the films were obtained using a PHI 
AES/XPS/SIMS system Interfaced with a multiple technique analytical 
computer system (MACS). Sputtering was done with 3 KeV Ar Ions at 
25 mA. The sensitivity of the AES measurements Indicated that the 
films contained only carbon In the bulk, and a few percent of oxygen 
at the film-semiconductor Interface. These results were Independent 
of the source gas used for the depositions. A representative AES 
profile of a carbon film deposited from C 4 H 1 g on InP Is shown In 
Fig. 1. The flow rate Is 30 seem ( corresoondl ng to a steady-state 
pressure of 175 mTorr), and the power Is 25 W. 

The relative Ar Ion sputtering rate, G, at fixed power, Is 
defined by the relation G = tp/tj, where t p Is the AES pro- 
filing time for the carbon film and tj Is the deposition time 
(11). Figure 2 shows the dependence of G (for 3 KeV Ar Ions) on 
the ratio power/pressure (proportional to average energy per particle) 
for two C 4 H 10 pressures: 175 and 245 mTorr. We note that G 

becomes sensitive to the chamber pressure for power/pressure ratios 
>0.85. 
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The degree of asymmetry associated with the carbon-semiconductor 
Interface Is proportional to S = Bx(Tr - 2T(^ + T L ) where B 
Is a constant, and Tr, , and T[_ are the AES sputtering 
times corresponding to the carbon peak-to-peak signals at 10, 50, and 
90 percent of the maximum attained In a depth profile, respectively. 
The Influence of CH 4 flow rate on s Is presented In Fig. 3 for 
several powers. The ■■c;u 1f s Indicate that 6 Is approximately power- 
independent In the 50 to 300 W range (fixed pressure). It appears 
that S (fixed power) approaches zero (symmetric Interface) as the 
chamber pressure Is Increased. 

A 10 KeV A1 K a x-ray source was used for XPS studies. The 
deposition gas was CH 4 and the power varied from 25 to 300 W. It 
was determined that the asymmetry In the C Is llneshape decreased 
with power for a total chamber pressure of 245 mTorr. This trend Is 
presumably Influenced by the amount of hydrogen contained In the 
films. 

Relative counts of hydrocarbon Ions sputtered from carbon 
( substrate-InP) were determined from SIMS depth profiling studies 
(performed with 3 KeV Ar Ions). In Fig. 4(a), the distribution of 
Ion counts Is plotted as a function of mass-to-charge ratio for var- 
ious deposition conditions (C 4 H- 1 Q plasma). The predominant Ion 
Is (CH) + , and contributions from ( CHp ) + , (CH 3 ) + , ( C 2 H ) + , (C 2 H 2 )*, 
and ( C 2 H 3 ) + are evident. 

Figure 4(b) shows the Ion distribution obtained from carbo -1 films 
prepared by a methane discharge. We note that (CH)* has a higher 
probability of being sputtered from each film. (In comparison, 

Figs. 4(a) and (b) Indicate that the lowest populations are associated 
with ( CH 3 ) + . ) These results depict some of the H-C bonding 
arrangements which are prevalent In the plasma-deposited films ( 12 ). 

A SIMS depth profile (3 KeV Ar Ions) of carbon deposited on GaAs 
Is presented In Fig. 5. Mass windows for Ga*, As* , 0*, and CHx* 

(x = 0,1, 2, 3) were utilized. The CHx* distributions are uniform In 
the bulk of the film, and they drop to lower levels In the substrate 
region. In addition, Fig. 5 shows oxygen to be present throughout 
the carbon film. (This determination was not possible with the less- 
sensitive AES technique.) Finally, It Is apparent that Ga + and As* 
are readily detected as the carbon film Is sputtered. 

Figure 6 shows a SIMS depth profile of carbon on InP. In*. P + , 
0*, and CHx* (x = 0,1, 2, 3) were monitored. The CHx* (x = 0,1,2) 
distributions are uniform In the film region, and progressively lower 
levels are attained In the vicinity of the fllm-InP Interface. We 
note that the 0* and CH$ profiles are "noisy." Figure 6 Illustrates 
that In* and P* concentrations are being detected during the film 
sputtering process. 


Measurements of optical absorption as a function of photon energy 
for carbon films deposited on fused silica plates were made with a 
UV/VIS/NIR spectrophotometer ( Perkln-Elmer , model Lamda 9). Prior to 
the film measurements, the sample compartment was continuously purged 
with dry N 2 , and a scan of the background for data correction was 
made over the photon energy range. A slit width of 2 nm was used for 
the film measurements. In addition, a blank fused silica plate was 
placed In the reference beam path. The differences In film and silica 
plate reflectivities were not taken Into account. 

Figure 7 Illustrates the dependence of ( AE ) 1 as a function 
of E for a carbon film deposited on the silica plate. The absorb- 
ance Is A and the photon energy Is E. (The C 4 H 1 q flow rate and 
power were 50 seem and 150 W, respectively.) In order to determine 
the optical band gap, Eg, we referred to a theoretical model describ- 
ing Interband optical absorption In a noncrystalllne solid (13). We 
estimate Eg ~ 3.05 eV. In comparison, we note that Eg for carbon 
films on InP obtained from plasma decomposition of CH 4 Is typically 
<2.35 eV (11). 

Capacitance-voltage measurements (1 MHz) of t!«? MIS structures 
on GaAs yielded a flat C-V curve. This results suggests Fermi level 
pinning of the carbon-GaAs Interface. The phenomenon Is probably 
attributable to the existence of a large Interface state density. 

Breakdown fields (V/cm) and dielectric constants are summarized 
In Table T for various deposition conditions. The power was fixed at 
100 W. The breakdown strength of the carbon films can therefore be 
enhanced by substituting C 4 H 1 q for CH 4 In the deposition process. 

In addition, we note that the dielectric constants for as-prepared 
films are In the range 2.5 to 4.3. 


Conclusions 


We have demonstrated that carbon films can be deposited on GaAs 
and InP by means of plasma decomposition of gaseous hydrocarbons 
(CH 4 and C 4 H 1 q) . AES measurements show only carbon to be present 
In the films. The relative Ar Ion sputtering rate (3 KeV) of carbon 
depends on the ratio power/pressure. In addition, the degree of 
asymmetry associated with the carbon-semlccnductor Interface Is 
approximately power-independent. SIMS spect'a Indicate different H-C 
bonding configurations to be present In the films. Band gaps as high 
as 3.05 eV are obtained from optical absorption studies. 
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